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ABSTRACT OF THE DISCLOSURE 


A hydraulic actuating unit for raising a hospital bed includes a reser- 
voir, a hydraulic piston cylinder device the cylinder of which has its ends con- 
nected to the reservoir through a supply conduit that contains a hydraulic 
plunger pump with suction and pressure valve means and through a return 
conduit which contains an orifice in a normally closed relief valve. A branch 
conduit leads to a hydraulic liquid accumulator from the supply conduit at a 
location between the cylinder and pressure valve means. A multiple pilot op- 
erated check valve of the differential type is provided in the branch conduit to- 
wards the accumulator. The largest and smallest end faces of the differential 
spool member are subject to the pressure in the branch conduit while the dif- 
ferential area of the spool member is subject to the pressure in a conduit which 
leads from the return conduit at a location between the orifice and the relief 
valve. The pressure in the branch conduit to the accumulator tends to cause 
the spool member and the check valve to open while the pressure in the return 
conduit tends to move the spool member into a closed position. 
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A HYDRAULIC ACTUATING UNIT, IN PARTICULAR 
FOR RAISING A LOAD, SUCH AS A HOSPITAL BED 

The invention relates to a hydraulic actuating unit, and particularly 
to a hydraulic actuating unit for raising a load such as a hospital bed. 
5 Hydraulic actuating units are known which comprise a reservoir for 

hydraulic fluid, a hydraulic piston cylinder device, the cylinder of which has its 
ends connected to the reservoir through a supply conduit containing a hy- 
draulic plunger pump with suction and pressure valve means and through a 
return conduit containing an orifice and a normally closed relief valve. A 

10 branch conduit leads to a hydraulic liquid accumulator and connects to the 
supply conduit at a location between the cylinder and the pressure valve 
means. A check valve is provided in the supply conduit at a location between 
the branch conduit connection and the cylinder. A pressure dependent orifice 
is provided between the check valve and the branch conduit to the accu- 

15 mutator. 

These known actuating units are known for use with vertically ad- 
justable hospital beds. They have the advantage of being relatively inexpen- 
sive. For raising the bed up to the level of an operating table, for example, the 
pump (usually of the single plunger type) is manually or foot operated so that 

20 hydraulic fluid is intermittently supplied to the hydraulic cylinder. The accu- 
mulator operates as a hydraulic shock absorber and minimizes the shocks at the 
beginning and the end of each pressure stroke of the pump. The supply con- 
duits extending from the branch conduit to the cylinder and the branch conduit 
are dimensioned relative to each other such that when actuating the unit, the 

25 accumulator will be filled up "with priority' 1 through the branch conduit. 
Lowering of the bed takes place by causing the relief valve to open, usually by 
means of a foot actuator, so that the hydraulic fluid is permitted to flow from 
the space under the piston into the reservoir. 

When there is an increase in the load while the pump is stationary, 

30 for example when a person is sitting down on the bed of the patient, the check 
valve will prevent the bed from being lowered and hydraulic fluid being ex- 
pelled toward the accumulator. However, a disadvantage of these known hy- 
draulic actuating units is apparent in the case of a decrease in the load, such as 
when a patient is being lifted from the bed. When this occurs, the accumulator 

35 will supply hydraulic fluid to the cylinder as a result of the decrease in the pres- 
sure in the system and thereby will cause an unintended and undesirable rais- 
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ing of the bed. A further disadvantage is that actuation of the relief valve when 
it is desired to lower the bed will cause the accumulator to completely discharge 
so that it has to be refilled in the process of the next raising procedure. 
The present invention overcomes these disadvantages. 
5 In accordance with the invention, a hydraulic actuator unit as de- 

scribed above also includes a multiple pilot operated check valve of the differ- 
ential type located in the branch conduit towards the accumulator. The largest 
and smallest end faces of the differential spool member of the valve are subject 
to the pressure in the branch conduit while the differential area of the spool 

10 member is subject to the pressure in a conduit that is branched off from the re- 
turn conduit from the cylinder at a location between the orifice and the relief 
valve. The pressure in the branch conduit to the accumulator tends to cause 
the spool member, and thereby the check valve, to open whereas the pressure 
in the return conduit tends to move the spool member and the check valve 

15 into a closed position. 

It is a principal object of the invention to provide an improved hy- 
draulic actuating unit for raising a load in which a decrease in the load will not 
result in an unintentioned raising of the load. 

It is another object of the invention to provide such a hydraulic actu- 

20 ating unit in which an accumulator is not discharged upon each lowering of 
the load. 

The invention will be hereinafter further described by way of example 
with reference to the accompanying drawings. 

Fig. 1 is a diagrammatic side view of a hospital bed, having the 
25 actuating unit according to the invention incorporated therein; and 

Fig. 2 is the hydraulic circuit diagram of the actuating unit according 
to the invention. 

The hospital bed shown in Fig. 1 comprises a wheeled undercarriage 1 
on which a patient supporting section 2 is vertically adjustably supported by 

30 means of a linkage system 3. For lifting and lowering of the patient supporting 
section 2, a hydraulic actuating unit 4 is provided, which is pivotally connected 
to the undercarriage 1 at 5 and which has its free piston rod end connected to a 
lever 8 at 7. The lever 8 is rigidly coupled with the right-hand lever arms of the 
linkage system 3. In the drawing, the patient supporting section 2 is shown in 

35 its raised position in full lines, which position corresponds to the extended po- 
sition of the piston of the actuating unit. The lowered position represented by 
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broken lines corresponds to the retracted position of the piston of the actuating 
unit. 

The actuating unit 4 will be hereinafter further described with refer- 
ence to the diagram of Fig. 2. 
5 In said hydraulic diagram, the piston-cylinder device 10 is connected 

to the pressure side of a hydraulic plunger pump 12 through a supply conduit 
11, the suction side of the pump being connected to a reservoir 13 containing 
hydraulic fluid. A branch conduit 14 leads from the supply conduit 11 towards 
a hydraulic fluid accumulator 15. A check valve 16 and a pressure dependent 

10 flow valve 17 are provided in the supply conduit 11 between the piston-cylin- 
der device 10 and the branch off location towards the accumulator 15. By 
means of the flow valve 17, the cross-sectional area of the supply conduit 11 
will, as a response to an increase of pressure, be restricted to an extent that the 
ratio between the amounts of hydraulic fluid which is supplied at each pressure 

15 stroke of the pump towards the cylinder and the accumulator, respectively, will 
remain merely constant. As a consequence of this the extent of shock absorbing 
by the accumulator will be independent of the load. 

An orifice 19 and a normally closed relief valve 20, which may be 
opened by hand or foot, are provided in a return conduit 18 leading from the 

20 cylinder 10 to the reservoir 13. 

A multiple pilot operated check valve 21 is provided in the branch 
conduit 14 towards the accumulator 15. This check valve is of the different 
spool type. The largest operational surface of the differential spool 22 is subject 
to the pressure in the branch conduit 14 via the pilot control conduit 14' and 

25 the smallest surface of said spool 22 is also subject to the pressure in the branch 
conduit 14. The result of the two forces acting upon the two spool surfaces 
tends to move the differential spool 22 to the right to thereby cause the check 
valve 23 to open. A third pilot control conduit 24 is connected to the dif- 
ferential spool 22, and the third pilot control conduit 24 leads from the return 

30 conduit 18 at a location between the orifice 19 and the relief valve 20. This pilot 
control conduit 24 acts upon the annular spool surface between the largest and 
smallest spool surfaces. The pressure supplied through the pilot control con- 
duit 24 produces a force which, in combination with the force acting upon the 
smallest spool surface, tends to move the spool 22 to the left to thereby cause 

35 the check valve 23 to close. An overload valve 25 is connected at a location be- 
tween the valve 23 and the accumulator 15. The overload valve 25 opens if the 
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duit 24 produces a force which, in combination with the force acting upon the 
smallest spool surface, tends to move the spool 22 to the left to thereby cause 
the check valve 23 to close. An overload valve 25 is connected at a location be- 
tween the valve 23 and the accumulator 15. The overload valve 25 opens if the 
5 supply pressure exceeds a certain level and allows hydraulic fluid to return to 
the reservoir 13. Thus this overload valve provides adequate protection 
against unacceptable high accumulator pressures. 

The piston-cylinder device 10, the reservoir 13 and the accumulator 
15 are integrated into a compact unit, making use of a common base portion 27. 
10 The base portion accommodates the various valves and conduits. 

The actuating unit operates as follows: 

In the starting situation, the accumulator pressure (e.g. the gas pres- 
sure above the liquid in the accumulator) is assumed to be lower than the sup- 
ply pressure required to displace the piston of the piston-cylinder device. 

15 When, in this situation, the pump 12 is actuated, the early pressure 

strokes will cause the accumulator to be filled to an extent that the accumulator 
pressure has reached the level required to overcome the piston load. Each time 
during a suction stroke of the pump hydraulic fluid will flow from the reser- 
voir 13 via the opened suction valve 12a into the pumping chamber. During 

20 the subsequent pressure stroke, the fluid will flow to the accumulator via pres- 
sure valve 12b, branch conduit 14 and check valve 23. 

As soon as the accumulator pressure has reached a level matching the 
piston load, further actuation of the pump will cause hydraulic fluid to be sup- 
plied to the cylinder 10 via supply conduit 11, flow valve 17 and check valve 16. 

25 The supply pressure will simultaneously act on the largest (at the left) and the 
smallest (at the right) surface of the differential spool 22. As a result, the spool 
22 will be moved to the right and the check valve 23 will be mechanically 
pushed into its opened position. This will cause an open connection between 
the accumulator and the hydraulic cylinder, which open connection will be 

30 maintained for a short time upon each pressure stroke, during which time a 
certain amount of fluid is permitted to flow from the accumulator to the cylin- 
der thereby avoiding shocks. 

At the same time, the pressure in the pilot control conduit 24 will, 
with a certain delay, increase to a level corresponding to that in the supply and 

35 branch conduits 11, 14 so that the complete spool will become subjected to the 
same system pressure. The check valve 23 will thereby close under the action 
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of its return spring and the accumulator pressure. This situation will continue 
until, at a following pressure stroke, the pressure in the supply conduit 11 and 
the branch conduit 14 will temporarily increase to a level above the system 
pressure, as a result of which the spool 22 and the valve 23 will be temporarily 
5 kept open. 

Assume now that the bed, or other load, is at a desired stationary 
position but that there is a decrease in the piston load caused by, for example, 
the patient being moved from the support section to an operating table. This 
decrease in piston load will not result in any undesired movement of the sup 

10 port section because the check valve 23 will be kept closed so that no supply of 
liquid from the accumulator 15 can take place. Such additional supply of liquid 
from the accumulator will take place only if it is desired, viz. as soon as a next 
pressure stroke of the pump is being carried out. Initiating a next pressure 
stroke will cause the pressure in the supply and branch conduits 11, 14 to in- 

15 crease above the level of the decreased system pressure, so that the spool 22 will 
be no longer in balance and will move to the right permitting fluid flow from 
the accumulator 15 towards the cylinder 10. 

When the level of the patient support section is to be lowered, actua- 
tion of the relief valve 20 will cause an immediate pressure drop to take place 

20 in the pilot control conduit 24, while the system pressure under the piston will 
slightly decrease. As a result of this the differential spool will be pushed to the 
right, thereby tending to cause the valve 23 to open, so that liquid from the ac- 
cumulator 15 may flow to the cylinder 10. This situation, however, will be of a 
very short duration because, after a slight delay, the decreased system pressure 

25 will rule in the branch and pilot control conduits 14, 14', as well as in the pilot 
control conduit 24, which brings the differential spool 22 in to balance again 
and causes the valve 23 and thereby the accumulator to close. . 

When the patient support section is lowered into its lowermost posi- 
tion (defined by a mechanical stop) the system pressure will drop to zero. 

30 However, the differential spool will remain in balance and the valve 23 will be 
kept closed so that the accumulator will not completely discharge. 
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The embodiments of the invention in which an exclusive property 
right is claimed are defined as follows: 

1. In a hydraulic actuating unit having a reservoir for hydraulic fluid, 
a hydraulic piston cylinder device the cylinder of which has its ends connected 
to the reservoir through a supply conduit and a return conduit, the supply con- 
duit containing a hydraulic pump, a branch conduit leading to a hydraulic liq- 
5 uid accumulator and connected to the supply conduit between the pump and 
the cylinder, a combination therewith of: 

a multiple pilot operated check valve of the differential type disposed 
in the branch conduit towards the accumulator, the check valve including a 
differential spool member the largest and smallest end faces of which are sub- 
10 ject to the pressure in the branch conduit and the differential area of the spool 
member being subject to the pressure in a conduit leading from the return con- 
duit, whereby the pressure in the branch conduit to the accumulator tends to 
cause the check valve to open while the pressure in the return conduit tends to 
move the spool member and the check valve into a closed position. 
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Z In a hydraulic actuating unit for raising a load, and having a 
reservoir for hydraulic fluid, a hydraulic piston cylinder device the cylinder of 
which has its ends connected to the reservoir through a supply conduit and a 
return conduit, said supply conduit containing a hydraulic plunger pump with 
5 suction and pressure valve means and said return conduit containing an orifice 
and a normally closed relief valve, a branch conduit leading to a hydraulic liq- 
uid accumulator and connected to the supply conduit at a location between the 
cylinder and the pressure valve means, a check valve in the supply conduit at a 
location between the branch conduit and the cylinder, a pressure dependent 

10 orifice disposed between the check valve and the branch conduit to the accu- 
mulator, the improvement wherein: 

a multiple pilot operated check valve of the differential type is dis- 
posed in the branch conduit toward the accumulator, the check valve has a dif- 
ferential spool member the largest and smallest end faces of which are subject 

15 to the pressure in the branch conduit while the differential area of the spool 
member is subject to the pressure in a conduit leading from the return conduit 
at a location between the orifice and the relief valve, whereby the pressure in 
the branch conduit to the accumulator tends to cause the spool member and 
thereby the check valve to open, whereas the pressure in the second branch 

20 conduit tends to move the spool member and valve into the closed position. 


3. An actuating unit according to claim 2, characterized in that the 
hydraulic piston cylinder device, the reservoir and the accumulator are built 
together into a compact unit, making use of a common base portion, in which 
the various valves and conduits are provided. 
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